To evaluate the efficacy and safety of the Holmium: yttrium-aluminium-garnet (YAG) laser for the treatment of urethral/bladder neck strictures after high-intensity focused ultrasound for prostate cancer. Methods: Between February 2007 and July 2010, Holmium: YAG laser urethrotomies were performed in eleven patients for bladder neck strictures or prostatic urethral strictures. The laser was used with a 550-μm fiber at 2 J and frequency 30 to 50 Hz. The medical records were retrospectively reviewed for medical history, perioperative and postoperative data, uroflowmetry, International Prostate Symptoms Score/quality of life, and stricture recurrence. Results: At a median follow-up of 12.0 months (range, 4 to 35 months), the mean postoperative maximal flow rate and residual volume were improved significantly (P<0.05). The mean postoperative total, voiding and quality of life of international prostate symptom score were improved significantly (P<0.05). Of the 11 patients, 7 patients required one treatment, 4 patients two treatment, and 1 patients three treatment. 2 patients who had a documented urinary incontinence prior to the laser treatment subsequently required artificial urinary sphincter implantation and reported satisfaction without developing any recurrent strictures or artificial urinary sphincter erosion. All patients exhibited well-healed strictures and could void without difficulty. Conclusions: Holmium: YAG laser therapy represents a safe, effective and minimally invasive treatment for urethral/bladder neck strictures occurring secondary to high-intensity focused ultrasound for prostate cancer.
INTRODUCTION
Both the widespread use of prostate specific antigen screening test and the increased push for earlier prostate cancer detection has increased the number of patients diagnosed with localized prostate cancer suitable for curative approach. Radical prostatectomy (RP) is a widely recognized, standardized, curative procedure for organ-confined prostate cancer and is performed by urologists all over the world [1, 2] . However, despite excellent long-term survival rates, RP is still associated with significant morbidity. Moreover, RP is also not indicated for patients with life expectancies of less than 10 years as well as individuals who are either not fit for surgery or who are wary of the potential side effects of this surgery [3] . Accordingly, a number of minimally invasive therapies are being developed as alternative modalities, including transrectal high-intensity focused ultrasound (HIFU), which is now indicated for patients with localized, lowgrade prostate cancer or as salvage therapy in cases of cancer [4] [5] [6] .
With the increased incidence of all types of prostate cancer treatment, a significant increase in urinary incontinence, erectile dysfunction and vesicourethral complications has also occurred. Specifically, strictures at the vesicourethral anastomosis or urethral strictures represent relatively common postoperative complications after RP (0.4%-32%) and HIFU (1%-31%) [7] [8] [9] [10] . As these strictures can cause severe voiding dysfunction and often have high rates of recurrence, they have been shown to impact quality of life (QoL) of patients in a markedly negative manner. The optimal treatment for these strictures remains unclear. Several treatment options, including simple or balloon dilatation, endoscopic cold-knife incision, endoscopic electrocautery incision and/or resection, and intermittent self-catheterization have been reported with varying degrees of success and recurrence rate (3%-87%) [11] [12] [13] [14] [15] . Emerging data now suggested that Holmium: yttrium-aluminium-garnet (YAG) laser endourethrotomy may represent a safe and minimally invasive therapeutic modality in the treatment for strictures of vesicourethral anastomosis secondary to RP [16, 17] . HIFU is a technique that uses focused ultrasound to generate areas of intense heat to destroy tissue. So, the theoretical mechanisms of stricture occurring secondary to HIFU may differ from other modalities.
In the current study, we present our clinical experiences to evaluate the efficacy and safety of the Holmium: YAG laser in the treatment of urethral/bladder neck strictures occurring secondary to HIFU for prostate cancer.
MATERIALS AND METHODS
Between February 2007 and July 2010, the Holmium: YAG laser was used in 11 male patients for the treatment of initial or recurrent urethral/bladder neck strictures that occurred secondary to HIFU for prostate cancer. As defined here, strictures included bladder neck strictures and prostatic urethral strictures. After Institutional Review Board approval, the medical records of these 11 patients were reviewed. A diagnosis of stricture was reached based on clinical history, symptoms, uroflowmetric assessment, urethroscopy and/or urethrography. Perioperative and postoperative data including operative time, complications (if any), period of indwelling urethral catheter use, postoperative hospital stay, and recurrence rates were also evaluated. The treatment efficacy was quantified using uroflowmetric assessment as well as International Prostate Symptom Scores (IPSS) and QoL scores. Urinalysis and urine culture were done to document the absence of urinary tract infections.
All surgical treatments were performed under spinal or general anesthesia with patients in the lithotomy position. Using saline irrigation, a rigid endoscope (8-26 F) with a 550-μm end-firing laser fiber was passed to the area of stricture, as determined by the caliber of the urethra. Under direct retrograde vision, deep incisions were typically made into the fibrotic scar tissue at the 5 and 7 o' clock positions. If necessary, another incision was made into the scar tissue at the 12 o' clock or another position. In the cases of bladder neck stricture, the ureteral orifices were identified if possible prior to deep incision. The affected areas were then treated with the Holmium: YAG laser at a setting of 2 J with frequencies between 30 and 50 Hz (60-100 W). Ideally, these incisions would open up the lumen, however any remaining scar tissue that appeared to have the potential to hinder urine flow was removed by vaporization ( Fig. 1 ). After the scar tissue was completely excised while sparing healthy tissue and free passage of the endoscope into the bladder was confirmed, a urethral Foley catheter was placed and left for several days.
Statistical significance was determined in all cases by Wilcoxon signed rank test and P-value less than 0.05 were considered statistically significant.
RESULTS
In total, 11 patients were included in this study, 9 patients were diagnosed with bladder neck strictures and 2 patients prostatic urethral strictures. The patients' preoperative characteristics are summarized in Table 1 . One patient had been previously treated for benign prostatic hyperplasia by photoselective vaporization using potassium-titanyl-phosphate laser prior HIFU procedure and 4 patients were treated for voiding difficulty secondary to prostatic debris with transurethral resection prior enroll- The median operation time was 27 minutes (range, 10 to 70 minutes), and there no serious perioperative or postoperative complications were reported. The median time for urethral Foley catheter removal was 3 days (range, 1 to 14 days), and the median postoperative hospital stay was 2 days (range, 1 to 6 days). The median follow-up period after Holmium: YAG laser treatment was 12 months (range, 4 to 35 months).
After treatment, significant improvements were observed in the maximal flow rate (Qmax) and residual urine volume, though not in voided volume. The total IPSS score, voiding score and QoL score also improved significantly, however no significant difference occurred in the storage score when compared with the preoperative values ( Table 2) .
Of the 11 patients enrolled in this study, 7 patients (63.6%) reported satisfactory results without recurrence after the first Holmium: YAG laser treatment, as determined by subjective symptoms and uroflowmetric assessment. However, 4 patients (36.4%) did require repeat endoscopic Holmium: YAG laser treatment. The median recurrence time after the first Holmium: YAG laser treatment was 2.5 months (range, 2 to 12 months). Although one patient (9.1%) did require a third treatment 2 months later, all of these individuals were ultimately satisfied with the end result, as determined by symptoms and uroflowmetric assessment (Table 1) .
Of note, 2 patients (18.2%) did subsequently require artificial urinary sphincter (AUS) implantation for stress urinary incontinence, all of whom had a history of urinary incontinence prior to the initial Holmium: YAG laser treatment. In addition, these had twice been treated with endoscopic Holmium: YAG laser treatment. These underwent AUS implantations 12 months later after last laser treatment and reported satisfaction with their treatment course 6 months later without developing any additional recurrent bladder neck contracture or AUS erosion.
DISCUSSION
While erectile dysfunction and urinary incontinence are the [7, 8, 16, 17] . Even in experienced hands, these complications are seen occasionally [18] . Stricture at the vesicourethral anastomosis is usually results from scar tissue encircling and narrowing the reconfigured bladder neck. This narrowing can cause significant bladder outlet obstruction and ultimately result in a number of lower urinary tract symptoms, such as weak stream, urine stream spraying, incomplete bladder emptying, frequency, and intermittency. In more severe cases, acute urinary retention may even develop. In cases of HIFU performed for the treatment of prostate cancer, the reported incidences of urethral strictures and/or bladder neck strictures were similar with cases of RP (1% to 31%), sloughing of necrotic tissue from the coagulated gland also has the potential to cause urethral strictures and/or bladder neck strictures. During this period of sloughing, patients often complain of dysuria with concomitant irritative and/or obstructive urinary symptoms and eliminate debris through micturition. Therefore, the mechanisms of strictures and treatment results may differ considerably between the treatment modalities for prostate cancer.
To date, the various treatment options for strictures at the vesicourethral anastomosis or urethral strictures after RP for prostate cancer reported in the literature include dilatation with sounds, bougies, balloon catheter and intermittent self-catheterization, endoscopic cold-knife incision, endoscopic electrocautery incision or resection, and open surgery [11] [12] [13] [14] [15] . Stricture dilatation was initially proposed as the first treatment modality, however was later found to have limited durable success. Cold-knife stricture incision represents a second option, though as complete resection of the scar is not possible, this modality may not remove enough tissue to prevent future recurrences [19] . After incision, scar tissue can also be resected with an electrocautery loop wire, however this carries the risk of damage to surrounding healthy tissue (including the external sphincter) if too deep a resection is performed [14] .
In addition to the modalities described above, several alternative methods have been also evaluated. Of these, laser technology offers the potential advantage of less scar tissue formation via a thermal incision. Data now suggests that rates of treatment success are 36% and 50% for the neodymium: YAG laser treatment which has been the most commonly used for this purpose [20, 21] . These results may be attributed to the physical characteristics of the neodymium: YAG laser itself as laser energy reaches tissue depths between 4 and 5 mm [22] .
First introduced into urologic practice in the early 1990s, the Holmium: YAG laser is a minimally invasive device used as a surgical alternative for many clinical indications, including urinary stone lithotripsy, upper urinary tract tissue ablation, transurethral prostate incision and resection, and neoplasm excision [23] . The Holmium: YAG laser emits a monochrome light wavelength of 2,100 nm in pulses. As this wavelength is highly absorbed by water and has a shallow penetration depth <0.5 mm, it is able to ablate tissue through vaporization with only minimal thermal damage to surrounding healthy tissue and low rates of postoperative scar tissue [16, 17, 24] .
In 2004, Dogra et al. [25] described the use of Holmium: YAG laser for traumatic obliterative urethral stricture, demonstrating excellent results (with a mean Qmax of 20 mL/sec) in 65.51% of cases and acceptable results in 31.03% of cases. Choi et al. [26] reported the use of endoscopic Holmium: YAG laser in 14 patients with incomplete urethral strictures secondary to inflammation or trauma, whereby endoscopic Holmium: YAG laser urethrotomy proved a safe and effective minimally invasive therapeutic modality in stricture less than 2 cm in length. In another case series, Lagerveld et al. [17] presented 10 patients with strictures of vesicourethral anastomosis secondary to RP (including six individuals previously treated with dilatation, clean intermittent self-catheterization, and cold-knife urethrotomy), who Holmium: YAG laser treatment were able to void without difficulty and did not require re-treatment. Similarly, Eltahawy et al. [16] reported a success rate of 83% in treating recurrent anastomotic stenosis following RP using Holmium: YAG laser and concomitant steroid injections. In an another prospective randomized clinical trial comparing low-power Holmium: YAG laser urethrotomy with cold-knife incision for the treatment of urethral strictures, Atak et al. [27] demonstrated that Holmium: YAG laser therapy provides shorter operative time and lower recurrence rates without any statistically significant differences in Qmax versus the cold-knife technique. In the data presented here, we also observed significant improvements in the uroflowmetric assessment and IPSS without any problems with urinary continence.
Although all of the case series regarding Holmium: YAG laser endourethrotomy after prostatectomy have limited numbers of enrolled patients and relatively short follow-up period, the rate of recurrence after Holmium: YAG laser treatment appears relatively lower than with cold-knife incision [16, 17, 28] .
INJ
Routinely follow-up appointments at regular short intervals were performed soon after the initial treatment with concomitant patient counseling, in order to screen for symptoms of recurrence. In total, 4 of 11 patients (36.4%) did ultimately show evidence of recurrence of bladder neck strictures, necessitating retreatment. The treatment of recurrences was repeat endoscopic treatment with the Holmium: YAG laser. Moreover, one patient underwent a third procedure via the same protocol for additional recurrences. Notably, previously published data reports that this treatment was associated with lower recurrence rates (0% to 29%) than observed in the results presented here (36.4%) [16, 17, 27] . Of these patients who did develop recurrent strictures, 2 had concomitant radiation therapy for prostate cancer. We contend that these adjuvant therapies for prostate cancer may affect the overall rates of recurrence. Additionally, none of the previous studies included patients with a history of HIFU. Eventually, repeat treatments with Holmium: YAG laser improved the patients' symptoms and urine flow and all patients showed no recurrence even in the latest follow-up.
In the results presented here, the median time to the recurrence was 2.5 months (range, 2 to 12 months). As all recurrences occurred within the first year postoperatively, we recommend closer patient follow-up during this period.
This study has several limitations. First, various laser power (60-100 W) were used here, as per the previous experience of the performing surgeon and the intraoperative situation, though similar variances (5-40 W) were also present in other previous laser urethrotomy case series [16, 17, [24] [25] [26] [27] . Moreover, the higher laser powers that were used in the present study may also have affected the results. Second, the number of patients included in the present study was relatively small (11 patients) and the follow-up period (median, 12.0 months; range, 4 to 35 months) was relatively short. However this was also the case in other similar studies regarding Holmium: YAG laser urethrotomy for the treatment of strictures secondary to RP for prostate cancer. Specifically, these studies also only enrolled a small number of patients (10 to 24 patients) and had follow-up periods ranging from 3 to 72 months [16, 17] . However, little is known about post-HIFU bladder outlet obstruction. To our knowledge, our study is the first use of the Holmium: YAG laser in the urethral/bladder neck strictures after HIFU for prostate cancer.
In conclusion, Holmium: YAG laser therapy may represent a safe, effective and minimally invasive treatment for urethral/ bladder neck strictures after HIFU for prostate cancer. Holmium: YAG laser therapy offers the advantages of minimal trauma to peripheral local tissue and allows the preservations of the continence mechanism. Future prospective studies with longer follow-up period and larger cohorts that compare Holmium: YAG laser treatment with other therapeutic modalities will be clearly needed to further confirm these findings.
